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FOREWORD

The mission of the U.S. Geological Survey
(USGS) is to assess the quantity and quality of the earth
resources of the Nation and to provide information that
will assist resource managers and policymakers at
Federal, State, and local levels in making sound
decisions. Assessment of water-quality conditions and
trends 1s an important part of this overall mission.

One of the greatest challenges faced by water-
resources scientists is acquiring reliable information that
will guide the use and protection of the Nation’s water
resources. That challenge is being addressed by Federal,
State, interstate, and local water-resource agencies and
by many academic institutions. These organizations are
collecting water-quality data for a host of purposes that
include: compliance with permits and water-supply
standards; development of remediation plans for a
specific contamination problem; operational decisions
on industrial, wastewater, or water-supply facilities; and
research on factors that affect water quality. An
additional need for water-quality information is to
provide a basis on which regional and national-level
policy decisions can be based. Wise decisions must be
based on sound information. As a society we need to
know whether certain types of water-quality problems
are isolated or ubiquitous, whether there are significant
differences in conditions among regions, whether the
conditions are changing over time, and why these
conditions change from place to place and over time.
The information can be used to help determine the
efficacy of existing water-quality policies and to help
analysts determine the need for and likely consequences
of new policies.

To address these needs, the Congress appro-
priated funds in 1986 for the USGS to begin a pilot
program in seven project areas to develop and refine the
National Water-Quality Assessment (NAWQA)
Program. In 1991, the USGS began full implementation
of the program. The NAWQA Program builds upon an
existing base of water-quality studies of the USGS, as
well as those of other Federal, State, and local agencies.
The objectives of the NAWQA Program are to:

*Describe current water-quality conditions for a
large part of the Nation’s freshwater streams,
rivers, and aquifers.

*Describe how water quality is changing over time.

*Improve understanding of the primary natural and
human factors that affect water-quality conditions.

This information will help support the develop-
ment and evaluation of management, regulatory, and
monitoring decisions by other Federal, State, and local
agencies to protect, use, and enhance water resources.

The goals of the NAWQA Program are being
achieved through ongoing and proposed investigations
of 60 of the Nation’s most important river basins and
aquifer systems, which are referred to as study units.
These study units are distributed throughout the Nation
and cover a diversity of hydrogeologic settings. More
than two-thirds of the Nation’s freshwater use occurs
within the 60 study units and more than two-thirds of
the people served by public water-supply systems live
within their boundaries.

National synthesis of data analysis, based on
aggregation of comparable information obtained from
the study units, is a major component of the program.
This effort focuses on selected water-quality topics
using nationally consistent information. Comparative
studies will explain differences and similarities in
observed water-quality conditions among study areas
and will identify changes and trends and their causes.
The first topics addressed by the national synthesis are
pesticides, nutrients, volatile organic compounds, and
aquatic biology. Discussions on these and other water-
quality topics will be published in periodic summaries
of the quality of the Nation’s ground and surface water
as the information becomes available.

This report is an element of the comprehensive
body of information developed as part of the NAWQA
Program. The program depends heavily on the advice,
cooperation, and information from many Federal, State,
interstate, Tribal, and local agencies and the public. The
assistance and suggestions of all are greatly appreciated.

Robert M. Hirsch
Chief Hydrologist
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CONVERSION FACTORS AND VERTICAL DATUM

Multiply By To obtain
Length
inch (in.) 254 millimeter
2.54 centimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
Mass
pound (Ib) 0.4536 kilogram
Area
acre 0.4047 hectare
square foot (ft?) 0.0929 square meter
square mile (mi?) 2.590 square kilometer
Volume
gallon (gal) 3.785 liter
3,785 milliliter
cubic mile (mi®) 4.168 cubic kilometer
cubic yard (yd3) 0.765 cubic meter
cubic feet (ft3) 0.02832 cubic meter
Flow
gallon per minute (gal/min) 0.06308 liter per second
million gallons per day (Mgal/day) 0.04381 cubic meter per second
cubic feet per second (ft>/sec) 0.02832 cubic meter per second

Hydraulic Conductivity
foot per day (ft/day) 0.3048 meter per day
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CONVERSION FACTORS AND VERTICAL DATUM--continued

Transmissivity
square foot per day (ft*/day) 0.09290 square meter per day
0.01075 square centimeter

per second

Physical and Chemical Water-Quality Units

Temperature: Water and air temperature are given in degrees Celsius (°C), which can be converted to degrees Fahren-
heit (°F) by use of the following equation: °F = 1.8 (°C) + 32

Specific electrical conductance of water is expressed in microsiemens per centimeter at 25 degrees Celsius (US/cm).
This unit is equivalent to micromhos per centimeter at 25 degrees Celsius.

Milligrams per liter (mg/L) or micrograms per liter (Ug/L): Milligrams per liter is a unit expressing the concentration
of chemical constituents in solution as weight (milligrams) of solute per unit volume (liter) of water. One thousand
micrograms per liter is equivalent to one milligram per liter. For concentrations less than 7,000 mg/L, the numerical
value is the same as for concentrations in parts per million.

Sea level: In this report “sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929)--a geodetic
datum derived from a general adjustment of the first-order level nets of both the United States and Canada, formerly
called “Mean Sea Level of 1929.”
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Most settlement in the Puget Sound Basin is in the
lowlands along the shores of Puget Sound and in the lower
alluvial valleys, and most of the human impact on water
quality occurs in these areas. Smaller lowland streams
draining these developed areas are most prone to contami-
nation resulting from urban and agricultural runoff. Large
rivers are less prone to contamination in all but the most
developed basins due to the large volume of mountain
runoff carried by the rivers and the relatively short
distance they traverse the lowlands. Most municipal and
industrial point sources and combined sewer overflows
discharge to the lower tidal river reaches or directly to
Puget Sound. Consequently, the most frequent detections
of toxic contaminants occur in the saltwater bays and
estuaries near the major cities. In the fresh-water system
the physical water-quality characteristics of stream
temperature, suspended sediment concentration, and
in-stream habitat have been significantly affected by a
range of forestry, agricultural, and urban development
practices, and these impacts have been observed in small
streams and large rivers from the mountain headwaters to
the agricultural and urban lowlands.

Ground water is also an important resource in the
Puget Sound Basin and provides about 40 percent of the
drinking-water supply. The Puget Sound aquifer system is
contained largely within the alluvial and glacial outwash
deposits of the Puget Sound Lowland. These aquifers vary
in composition and in their susceptability to contami-
nation. The shallow alluvial aquifers and the unconfined
outwash aquifers are most susceptable to contamination,
and in areas where these aquifers are overlain by urban
and intensive agricultural land uses, elevated nitrate
concentrations have been found in ground water.

The following section of this report summarizes the
water-quality conditions in the Puget Sound Basin and
notes the influence of the region’s environmental setting
on both surface- and ground-water quality. The natural
background quality of water is described, the possible
source of contaminants and human influences in the upper
forested and lower urban and agricultural watersheds is
discussed, and the results and conclusions of past
water-quality investigations are summarized.

Water-Quality Influences from Natural
Factors

In the absence of human civilization and develop-
ment, natural background variations in water quality are
largely controlled by the variety of landforms, climate, and

57

earth materials that are present locally, the natural chemi-
cal weathering of earth materials, and the transport energy
of the hydrologic system. The combination of these
factors defines local stream morphology, water tempera-
ture, concentration of chemical constituents in water, and
the structure of the aquatic ecosystem that has adapted to
the natural range of variability of these conditions.

Surface Water

The Puget Sound Basin has moderate to high annual
precipitation in the mountainous headwater reaches, and
surface water draining these reaches is chemically dilute.
The dissolved-solids concentrations are broadly similar
for all rivers in the basin (Dethier, 1982). Concentrations
of dissolved-chemical constituents in surface waters are
generally small throughout the year, but the smallest
concentrations occur during spring runoff and after rain
storms. Dissolved-solids concentrations can be repre-
sented by specific conductance values that have been
found by Hopkins (1993) to be low; medians for a 12-year
period (1979 to 1991) ranged from 45 to 128 ps/cm
(microsiemens per centimeter) for major rivers draining to
Puget Sound. The background chemical quality of most
surface water throughout the Puget Sound Basin is good or
excellent and suitable for most uses (Washington State
Department of Ecology, 1992). Many of the upper water-
sheds in the region supply water that requires minimal
treatment to the region's largest cities.

Natural suspended-sediment concentrations are
highly variable in Puget Sound Basin streams. Sediment
discharge is sensitive to increases in streamflow. During
low streamflow, suspended-sediment concentrations often
are less than 5 mg/L (milligrams per liter) , and increase to
500 mg/L or more during high streamflow (Nelson, 1971,
1974). Annually, under natural conditions, most sediment
is transported in a few days during periods of winter
storms (Richardson and others, 1968; Nelson, 1971,
1974). Relatively little sediment is eroded from lowlands;
most of the sediment originates in the mountains during
storms, according to Nelson (1974). Streams fed by
glacial meltwater, however, are often turbid and sediment-
laden for longer periods, particularly in mid to late
summer. Natural turbidity is high in the major rivers and
smaller streams draining glaciers in the Nooksack, Skagit,
Puyallup, and Nisqually Basins (fig. 1).

Under natural conditions, stream temperatures in the
basin are rather cool throughout most of the year because
of generally cool air temperatures, shading from a dense



forest canopy, and snowmelt from mountainous terrain
(Hidaka, 1972; Collings and Higgins, 1973). The highest
stream temperatures occur in July and August, coinciding
with highest air temperatures and low flow.

Ground Water

Most ground water in the Puget Sound Basin is soft
(60 mg/L as CaCOj or less) or moderately hard (61 to
120 mg/L as CaCQO;), and the concentrations of dissolved
solids in ground water are well below the secondary
maximum contaminant level (MCL) for drinking water of
500 mg/L (U.S. Environmental Protection Agency,
1992b). Typically, concentrations of dissolved solids in
the region's ground water are less than 150 mg/L (Turney,
1986). Large concentrations of dissolved solids are found
in waters from few and widely separated areas and are
generally attributed to ground-water production from
aquifers in marine sedimentary deposits (Van Denburgh
and Santos, 1965).

Dissolved iron and manganese are two natural
constituents of concern in the ground water of the Puget
Sound Basin (Foxworthy, 1979; Turney, 1986; and
Embrey, 1988). Water from 186 of 1,376 wells (14
percent) in the study unit exceeded the dissolved iron
secondary MCL for drinking water of 500 pg/L (micro-
grams per liter) (U.S. Environmental Protection Agency,
1992b). Some type of treatment to remove or reduce the
effects of dissolved iron is a common practice when
ground-water supplies are developed in the region
(Foxworthy, 1979). Although dissolved iron and manga-
nese concentrations commonly exceed standards, other
minor and trace elements rarely do, according to Turney
(1986), who sampled more than 100 wells and springs in
the Puget Sound region. Some large concentrations of
zinc, copper, and lead have been observed in sampled
ground water in the region, but Turney believed that these
concentrations were probably due to contamination from
the plumbing of water distribution systems. Stewart and
others (1994) substantiated Turney's finding from data
compiled from 3,700 wells statewide; they found rela-
tively few ambient waters had elevated concentrations of
trace elements. Most of the elevated levels of trace
elements in ambient waters of the Puget Sound Basin are
the naturally occurring elements of arsenic and selenium
(Stewart and others, 1994). In eastern Snohomish County,
elevated arsenic and selenium concentrations have been
attributed to natural processes (Snohomish Health District
and Washington State Department of Health, 1991).
Water from many wells in the Puget Sound Basin also
contain naturally large concentrations of orthophosphate
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phosphorus--commonly more than 0.20 mg/L. Ortho-
phosphate phosphorus concentrations increase in water
with increased geologic age and depth of the aquifer, and
therefore they are believed by Van Denburgh and Santos
(1965) to be derived from the natural dissolution of
phosphate-containing rock. These concentrations of
phosphorus in ground water should not affect drinking
water and most other uses.

Water-Quality Influences from Human
Factors

Human influences on water quality are generally
controlled by how the land and water are used and how
wastes and other by-products of human activities are
managed. Land use in the Puget Sound Basin differs
greatly between the upper forested watersheds of the
Olympic Mountains and the Cascade Range and the lower
agricultural and urbanized watersheds of the Puget Sound
Lowland, and the water-quality issues in these parts of the
basin differ accordingly.

Stream reaches in the Puget Sound Basin have been
classified by the Washington State Department of Ecology
(Ecology) as threatened, impaired, or fully supported. The
stream classification is based on its beneficial use status.
For example, an impaired stream is one that does not have
the necessary quality to support or allow the beneficial
uses of the water as defined by the State's criteria
(Washington State Department of Ecology, 1989).
Streams draining the upper watersheds, in general, fully
support their intended use, and other streams (mostly in
lowland areas) are variously categorized as threatened or
impaired (Washington State Department of Ecology,
1989). Many stream reaches, including some streams in
the upper watersheds, are less than fully supported
because of naturally occurring suspended sediment from
glacial meltwater.

Upper Watersheds

The upper watersheds of the Puget Sound Basin are
largely composed of uninhabited, forested, and mountain-
ous terrain. Ground water in the upper watersheds is little
used, and its quality probably differs little from natural
background conditions. The chemical quality of surface
water in the upper watersheds is usually suitable for most
uses. However, the physical hydrology, water tempera-
ture, and biologic integrity of streams have been influ-
enced to varying degrees by logging, and water quality



may have been influenced to some limited degree by
deposition of contaminants released to the atmosphere in
the urbanized lowlands.

Substances released to the atmosphere by fossil-fuel
combustion and various industrial activities are brought to
the land surface in rain and dry fallout. Motor vehicles
account for 55 percent of air emissions (Washington State
Environment 2010, 1992) in the Puget Sound Basin.
Other major air pollution sources include industry, outdoor
burning, and wood-stove burning. Motor vehicles and
fossil-fuel burning produce nitrogen oxides and sulfur
dioxide particulates. These combustion products carried
in the atmosphere combine with water to produce nitric
and sulfuric acids in rain.

Lakes from 29 watersheds were sampled for
evidence of acid precipitation in the central Cascade
Range in Washington by Logan and others (1982). All
of the lakes sampled were found to be sensitive to lake
acidification but had not become acidic. Sulfate concen-
trations in snowpack collected from the Cascades in
Washington were found by Laird and others (1986) to be
influenced by major metropolitan areas. However, these
authors concluded that the snowpack in the Cascade
Range was not strongly influenced by human activities at
the time of sampling in 1983. An earlier study by Dethier
(1979) indicated that bulk precipitation contributed signif-
icant quantities of cations and trace metals to a subalpine
catchment located in the north-central Cascades. A study
in the North Cascade National Park by Funk and others
(1987) concluded that concentrations of chlorides,
sulfates, and trace metals were not found in streams and
lakes in the park much above those believed to be
naturally present. In 1983, Turney and others (1986) also
found that lakes in Mount Rainier National Park were
sensitive to acidification but had not become acidic. Little
or no data exist concerning the deposition and occurrence
of toxic organic compounds in the upper watershed result-
ing from atmospheric releases in the lowlands as reported

by the EPA’s Toxic Release Inventory (fig. 29 and table 6).

Logging and associated road building are common
throughout the upper watersheds of the Puget Sound
Basin. The effects on streamfiow and water quality due to
logging depend on a number of factors such as percentage
of a basin cut, method of harvest, road maintenance, forest
chemical applications, and proximity to streams, wetlands,
and shorelines. Principal water-quality concerns due to
logging are erosion of soils (causing increased sediment
loading to streams), removal of the forest canopy near
streams (causing elevated stream temperatures), increased
nutrient yields following harvest, and application of forest
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chemicals (causing toxicity to aquatic biota). Most studies
have discussed clear-cut logging and constructing roads in
mountainous terrain as potentially contributing to sedi-
ment transport (Harr, 1986), but MacDonald and others
(1991) have pointed out that absolute changes in the rate
of sediment transport after logging are difficult to measure
because of the need to intensively sample high-flows and
the difficulty of obtaining accurate results. Comparing
differences in runoff between paired basins (logged and
unlogged) is often difficult, as documented by the lack of
measurable differences in runoff patterns of small paired
basins in the upper Green River Basin (Richardson, 1965).
Richardson explained that long-term or cumulative effects
of continued logging may not have been measurable
because the logged basin was cut in parcels over time
during the study. A number of more recent paired-
watershed experiments have shown that logging usually
has an effect on streamflow patterns (MacDonald and
others, 1991). The magnitude of peak flows after logging
Is believed to increase in areas subject to rain-on-snow
melt events (Berris and Harr, 1987; Washington Forest
Practices Board, 1994). A consequence of higher peak
flows is discussed by Harr (1986) who states that "higher
peak flows indicate a higher rate of water delivery to soils,
which, in turn, suggests increased potential for both
hillslope and channel erosion." Within the U.S. Forest
Service’s 20,000-acre Canyon Creek watershed located
within the Nooksack River Basin, approximately

600,000 cubic yards of sediment was estimated to have
entered headwater streams within a 10-year period as a
result of unstable stream banks. Most of the unstable
stream banks were associated with human activities such
as road construction and logging (U.S. Forest Service,
1995a). Additional studies within the Canyon Creek
watershed identified 100 landslides that occurred from
1940 to 1990, 73 of which occurred after 1970. Seventy-
three percent of the landslides occurred in clearcuts or
roadcuts, and 50 percent of these added sediment directly
to streams (U.S. Forest Service, 1995a). A similar trend in
landslide occurrence was observed in the South Fork of
the Stillaguamish River Basin (U.S. Forest Service,
1995b).

Increases in stream temperatures and nutrient yields
after logging are well documented for small watersheds
(<1.5 mi®) according to Anderson (1973) and Geppert and
others (1985). Stream temperature effects are particularly
significant if logging extends into the riparian zone.
Nitrogen concentrations and stream temperatures of small
watersheds were found to increase for 3-5 years following
logging and to return to prelogging levels within 5 to
10 years (Harr and Fredricksen, 1988). The cumulative
effects of logging on large streams (greater than 100 mi?



drainage area) is less clear because the watersheds are cut
in parcels over a long period. Paul (1996) reports that the
natural variability in climate and hydrology overa 5 to

10 year period also may mask the nutrient and temperature
effects of logging within these larger watersheds.

Modern forest practices utilize chemicals that may
include herbicides, insecticides, fertilizers, fire retardants,
and carriers for pesticides. Forest pesticides were
monitored for their entry into surface waters by aerial
application by Rashin and Graber (1993). Maximum
pesticide concentrations, excluding runoff events, of
triclopyr, 2,4-D, glyphosate, imazapyr, chlorothalonil, and
metasystox occurred within the first 3 hours from over-
spray (Rashin and Graber, 1993). These chemicals may
vary considerably in their likelihood to enter surface
waters or cause ecological harm, and their cumulative
effect on larger streams is not known.

Lakes and streams in upper watersheds of the Puget
Sound Basin may be susceptible to water-quality degra-
dation from recreational use of trails and campsites. The
most likely pollutants from recreational activity are nutri-
ents and pathogens from human or livestock waste and
sediment (Gilliom and others, 1980). Wet areas in alpine
meadows are probably the most important single land
cover that affects the transport of pollutants to lakes and
streams (Gilliom and others, 1980). Symptoms of nutrient
enrichment were not observed in alpine lakes in the region
in the late 1970's (Dethier and others, 1979, Bortleson and
Dion, 1979; Gilliom and others, 1980) but the potential
exists for excessive nutrient loadings due to increased
recreational activity.

Mining and gravel extraction in the upper watersheds
of the Puget Sound Basin may have altered habitat and
water quality in streams locally (MacDonald and others,
1991; Fuste’ and Meyer, 1987). Some small headwater
streams may be affected by mining; however, due to its
limited extent within the Puget Sound Basin, mining likely
has little widespread effect on water quality. Gravel
extraction from stream channels is common within the
basin and may have wider ranging effects. The rate of
gravel removal after two or three decades of extraction
from three rivers draining the southern Olympic
Mountains (outside the Puget Sound Basin) was found to
exceed the rate of supply by more than tenfold (Collins
and Dunne, 1989). According to the authors the differ-
ences between supply and removal were accommodated
by lowering or scouring the channel, which could
adversely affect fish habitat.
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Lower Watersheds

The influence of human activity on the quality of
water in the lower watersheds of the Puget Sound Basin
can be relatively simple and direct, such as point-source
discharges of waste to surface or ground water, or more
subtle and complex, such as nonpoint-source runoff or
infiltration to ground water. Approximately one-half of
contaminant loadings to Puget Sound are estimated to
come from industrial and municipal point sources, and the
other half comes from nonpoint sources of pollution
(Puget Sound Water Quality Authority, 1992). Most
point-source discharges are made directly to Puget Sound
or to the tidal reaches of its tributaries. Nonpoint sources
are therefore of proportionately greater importance to the
basin’s freshwater system. Nonpoint sources are diffuse
and often consist of many small sources of pollution that
have a cumulative effect. Examples of nonpoint sources
include urban runoff, seepage from on-site septic systems,
infiltration or washoff of land applied manure, fertilizer, or
pesticides, and deposition from atmospheric sources.
Nonpoint sources affect the quality of surface and ground
water most significantly in the agricultural and urban areas
of the Puget Sound Lowland.

Surface Water

Overall, the quality of streams in the lowlands meets
water-quality standards for most water uses; however,
water-quality standards are frequently not met for
fecal-coliform bacteria and stream temperatures and
occasionally for dissolved oxygen (Washington State
Department of Ecology, 1994). Concentrations of
suspended sediment in glacially-fed streams commonly do
not meet standards (Washington State Department of
Ecology, 1994). Concentrations of nutrients and toxic
contaminants, such as trace elements and synthetic organic
compounds, commonly meet water-quality standards
(Washington State Department of Ecology, 1989).
However, standards do not exist for most synthetic organic
compounds.

Fecal-coliform standards commonly are not met in
both streams and estuaries of the basin (Washington State
Department of Ecology, 1994). Streams are considered the
dominant source of fecal-coliform bacteria reaching
estuaries (Puget Sound Water Quality Authority, 1986).
The highest fecal-coliform counts occur in streams after
heavy rains; consequently, concentrations of fecal-
coliform bacteria in estuaries and shellfish increase after



rainstorms (Puget Sound Water Quality Authority, 1986).
Sources of fecal bacteria contamination are most
commonly failing septic tanks, washoff of animal manure,
discharge from CSOs, and urban runoff.

During July and August, stream temperatures have
been found to be higher than the freshwater standard of
18 degrees Celsius for class A (rated excellent) waters
of several major rivers--Stillaguamish, Snohomish,
Sammish, and Cedar Rivers (fig. 1) (Washington Adminis-
trative Code, 1992; Hopkins, 1993). For these rivers, on
average, the temperature standard was exceeded by 2 to
4 degrees Celsius. Summer temperatures that exceed
standards occur in the lower reaches of the non glacially-
fed rivers. In contrast, several major rivers (Nisqually,
Puyallup, and Skagit) fed by major glaciers are not known
to violate temperature standards.

Streams in the region occassionally can be impaired
by large total phosphorus concentrations. Excessive phos-
phorus in the region’s streams can lead to an imbalance in
natural cycles and cause eutrophication (Gilliom and
Bortleson, 1983). The hypothesis that phosphorus is the
limiting nutrient for most streams in the region is based on
high dissolved nitrogen-to-phosphorus ratios observed for
36 streams in the region (Gilliom and Bortleson, 1983).
Thus, management practices that control phosphorus
sources are most important to control eutrophication of the
region's streams.

Even though water-quality standards for nutrients are
met for most streams, nitrogen loads for major rivers are
important to receiving waters such as Puget Sound and the
regions many lakes. Nitrogen loads vary considerably in
the basin (S.S. Embrey, U.S. Geological Survey, written
commun., September 1995). Loads for nitrogen and phos-
phorus were estimated for about 20 streams in the region
by Embrey, who used data largely from the Washington
State Department of Ecology's ambient monitoring
program (Hopkins, 1993). As expected, nitrogen loads
were greatest for the Skagit, Snohomish, and Puyallup
Rivers (fig. 1), which have the largest watersheds and
greatest water discharge. Nitrogen yields (load adjusted
for watershed size) varied from 0.3 to 3.2 tons per square
mile per year. Streams with nitrogen yields greater than
2.5 tons per square mile per year were Issaquah Creek, a
small stream draining to Lake Sammamish, and the Cedar
and Samish Rivers (fig. 1). In general, the lower nitrogen
yields occurred in streams draining the less developed
Olympic Peninsula and the southern part of the basin, and
the higher nitrogen yields occurred in streams draining the
Cascade Range and Puget Sound Lowland in the more
developed part of the basin. These greater nitrogen yields
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result from the greater amounts of animal manure and
fertilizer that are applied to the agricultural and urban
lowlands and greater atmospheric nitrogen releases from
automobile exhaust that occur in the more developed parts
of the lowlands. In contrast to nitrogen yields, phosphorus
yields (0.1 to 0.4 tons per square mile per year) were less
variable throughout the region and showed few discernible
patterns (S.S. Embrey, U.S. Geological Survey, written
commun., September 1995).

Urban land use has a significant impact on the
quality of streams in the Puget Sound Basin. Water-
quality concerns related to urbanization include adequate
sewage treatment and disposal, storm runoff and urban
drainage, overflows from combined sewers, and preserva-
tion of stream corridors, especially small streams. As the
Puget Sound Basin becomes more urbanized, stormwater
control is considered one of the key issues in developing
areas (Puget Sound Water Quality Authority, 1994). The
Puget Sound Water Quality Authority (1994) estimates
that the volume of untreated stormwater runoff is five
times greater than the volume of treated discharges from
sewage and industrial plants. Nonpoint sources of pollu-
tion are considered the most troublesome to maintain good
water quality, according to King County Surface Water
Management Division (1993). For example, in the Cedar
River Basin (fig. 1) nonpoint sources of pollution to the
main stem of the river and to its tributaries result from
housing developments, road construction, on-site sewage
disposal, livestock-keeping activities, gravel extraction,
and hazardous waste sites. Other potential sources of
nonpoint pollution are pesticide applications, underground
storage tanks, small-quantity hazardous waste generators,
and pipelines (King County Surface Water Management
Division, 1993). Degradation of habitat in streams is also
a common problem in urban areas (King County Surface
Water Management Division, 1993).

Water-quality samples have been collected from a
relatively large number of streams and small lakes in the
urban-suburban part of King County (fig. 1) from the
1960's to the present by King County Department of
Metropolitan Services (Metro). The quality of streams in
western King County probably provides a representative
characterization of water-quality conditions and trends for
other parts of the Puget Sound Basin that are undergoing
urbanization. During 1990-1993, stream sites in King
County were rated as very good, good, fair, and poor on
the basis of comparisons among all sites (King County
Department of Metropolitan Services, 1994). Few stream
reaches had consistently poor water quality, but many
stream reaches did not meet standards for fecal coliform
bacteria. The major factor that seems to control the water



quality of streams is land use, according to Metro authors.
They found that stream reaches with the best water quality
are in the less developed watersheds. On the basis of
benthic invertebrate population studies, in 1991, Metro
rated 11 sites as very good, 9 sites as good, and 8 sites as
fair (King County Department of Metropolitan Services,
1994). None of the sites were rated poor either year. The
fair ratings were usually due to the presence of a low
diversity of benthic invertebrates in bottom sediments
(King County Department of Metropolitan Services,
1994).

Earlier studies by Metro in the 1980's indicated many
of the priority pollutants in urban runoff originate from
motor vehicles, and the pollutants adhere to the fine
particles in street dirt (Galvin and Moore, 1982). Some of
these particles contain trace elements and organic
compounds that are transported by storm runoff to
streams, lakes, and Puget Sound. In Seattle, the most
frequently detected organic compounds in stormwater
runoff were pesticides, pentachlorophenol, and polycyclic
aromatic hydrocarbons (Galvin and Moore, 1982). Poly-
cyclic aromatic hydrocarbon compounds originate from
petroleum-based products such as lubricants, gasoline, and
hydraulic fluids that commonly drip from vehicles on
urban streets and parking areas (Galvin and Moore, 1982).
Pentachlorophenol is commonly used in wood products,
such as telephone poles, to prevent microbial and fungal
decay. A study by Mar and others (1982) demonstrated
that contaminants from urban runoff in Seattle were not
generally associated with initial runoff “first flush” during
storm flows. The lack of first-flush behavior was
explained by Mar and others (1982, p. 15) as follows:
““...the rainfall and subsequent runoff patterns observed in
western Washington are quite different from national patterns.
Rainfall is of low intensity and long duration. A large initial
flush of runoff to wash accumulated solids from the drainage
system is uncommon. Instead, the runoff volume slowly
increases and any accumulated solids are gradually carried from
the system.”

The lower, tidally-affected reaches of three major
rivers in the basin (Snohomish, Green, and Puyallup
Rivers) flow through urban centers of Everett, Seattle, and
Tacoma, respectively (fig. 1). The water quality in the
lower reaches of these rivers is adversely affected by
storm water discharges and urban runoff. Ebey Slough,
one of the distributary channels of the lower Snohomish
River (fig. 1), is sufficiently depleted of dissolved oxygen
to be listed as impaired for fish rearing, spawning, and
harvesting (Thornburgh, 1993). Other water-quality
problems of the lower reaches of Snohomish River are

62

large concentrations of bacteria and suspended sediment
according to Thornburgh. A study by Municipality of
Metropolitan Seattle (1982) indicated that the suitability
of the Green River for most water uses was rated generally
good to excellent upstream of urban development, which
starts in the City of Auburn about 30 miles upstream of the
river mouth (fig. 1). In contrast, downstream of Auburn,
the physical, chemical, and biological aspects of the river
deteriorate where the river flows slowly at low gradient
through an urban, and industrial setting before entering
Puget Sound. The Duwamish Waterway of the lower
Green River (fig. 1) is considered the most chemically
contaminated of the three urban estuaries in Puget Sound
(McCain and others, 1990, and Stein and others, 1995).
The potential for uptake of toxic chemicals by juvenile
chinook salmon in the Duwamish Waterway was exam-
ined by McCain and others (1990). These investigators
found the mean concentrations of aromatic hydrocarbons
to be about 650 times higher and polychlorinated
biphenyls to be about four times higher in the stomach
contents of salmon from the Duwamish Waterway than
those in salmon from the Nisqually River (fig. 1), a refer-
ence site. Ebbert and others (1987) found that water
quality in most of the lower Puyallup River has been only
moderately affected by the activities of man; however,
some degradation of water quality, as measured by
increased concentrations of organic and inorganic
compounds, was observed downstream from river mile 1.7
where a municipal wastewater-treatment plant discharges
into the river.

Pesticide use in urban areas is extensive. A review
by Tetra Tech (1988) indicates that the highest usage rates
are for major urban counties (Pierce and King) followed
by the major agricultural counties (Snohomish, Whatcom,
and Skagit) (table 9). The pesticides of primary concern
that may be transported to riverine and marine waters,
according to Tetra Tech (1988), are 2,4-D, dicamba,
alachlor, tributyltin, bromacil, atrazine, triclopyr, carbaryl,
and diazinon. In 1992, two small urban streams (Thornton
and Mercer Creeks) in the Lake Washington drainage were
sampled for 162 pesticides and breakdown products by the
Washington State Department of Ecology (Davis, 1993).
From the large suite of pesticides analyzed, 10 different
pesticides were detected in the urban streams sampled, and
2,4-D, DCPA, diazanon, dichlobenil, and glyphosate were
detected in both of the streams. Diazanon, 2,4-D, and
dicamba were also detected in water samples collected
from Mercer Creek and Swamp Creek (a suburban stream
draining to Lake Washington) by an earlier reconnaissance
survey by the EPA (PTI Environmental Services, 1991).



Concentrations of selected trace elements collected
in bed sediments at the mouths of 20 urban streams did not
exceed most sediment-quality guidelines for benthic
organisms (King County Department of Metropolitan
Services, 1994; Bennett and Cubbage, 1991). However,
the concentrations of trace elements from bed sediments
of many urban streams were larger than concentrations
from bed sediments of a relatively clean environment.
Ebbert and others (1987) also found that bed sediments
from small streams in the urbanized part of the Puyallup
River Basin near Tacoma (fig. 1) contained more arsenic,
lead, and zinc than background uncontaminated sites in
the same basin. However, Galvin and Moore (1982)
observed that streams receiving urban runoff did not
necessarily contain contaminated bed sediments because
erosion of cleaner sediments tends to mix and dilute
organic compounds and trace elements bound to fine
particles, which prevents buildup to toxic levels (Galvin
and Moore, 1982). In 1992, Ecology analyzed pesticides
in bed-sediment and fish-tissue samples from Mercer
Slough, a channelized urban wetland in the Lake
Washington drainage (fig. 1) (Davis and Johnson, 1994).
Mercer Slough receives runoff from much of south
Bellevue (fig. 1). Pesticides detected in bed sediments
were DDT, five metabolites of DDT, chlordane, and
dichlobenil. DDT, metabolites of DDT, and chlordane
were among the pesticides detected in fish tissue from
Mercer Slough (Davis and Johnson, 1994).

Lakes in the region have a wide range of nutrient
conditions and land use settings. Excessive nutrient
enrichment, causing nuisance growth of algae and rooted
aquatic plants, has been observed in many lowland lakes
that have residential and other land development within
their drainage basins (Bortleson and Foxworthy, 1974;
Bortleson, 1978). Urban runoff from new development is
probably influencing the water quality of small lakes
(King County Department of Metropolitan Services,
1994). The majority of small lakes studied by Metro are in
an urban-suburban land use, and most of these lakes are
moderately enriched with nutrients. Metro’s long-term
survey of lakes in King County showed a gradual increase
in phosphorus nutrients from 1985 to 1993 and a corre-
sponding decrease in water clarity resulting from denser
algae populations (King County Department of Metro-
politan Services, 1994). Lakes receiving urban runoff also
are likely to have contaminated sediments. In Lake
Washington (fig. 1), for example, bottom sediments
contain elevated concentrations of organic compounds and
trace elements (Galvin and Moore, 1982). Likewise, the
bottomn sediments of Lake Union in Seattle have elevated
organic compounds and trace elements from stormwater
runoff, sewers, and industrial sites along the shoreline
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(Washington State Department of Ecology, 1989). Copper
was found in large concentrations in the bed sediments of
Steilacoom Lake, a eutrophic urban lake near Tacoma
(fig. 1). The primary source of copper in the bed
sediments is copper sulfate applied as an algicide for many
years (Bennett and Cubbage, 1992).

Urban land use also has a direct influence on Puget
Sound. Contaminants entering the marine waters of Puget
Sound that concentrate in the sediments generally do not
flush out to the ocean. The largest concentrations of
contaminants in the marine surface sediments occur in
urban embayments (Puget Sound Water Quality Authority,
1992). Bed sediments of urban embayments of Puget
Sound contain elevated concentrations of trace elements
and organic chemicals (Crecelius and others, 1989).
Contamination of marine sediments in urban embayments
provides evidence of human impacts, but only limited data
are available to track sources and estimate the relative
contribution from multiple sources. Martin and Paviou
(1985) identified sources of marine bed-sediment contami-
nation as riverine, shoreline erosion, atmospheric origin,
and municipal and industrial discharges.

Although occupying only about 6 percent of the
basin, agricultural land use can have a significant impact
on the quality of fresh water in the Puget Sound Basin.
Nonpoint pollutants often identified with agricultural
runoff are sediment, nutrients, pesticides, and bacteria.
Crop production can introduce pollutants into a stream
system by disturbing the soil and removing vegetation, or
through application of fertilizers, insecticides, and herbi-
cides. Animal production activities can degrade water
quality through improper waste management techniques
such as improperly applying manure to fields and through
overgrazing or allowing animals direct access to streams.
The part of pollution from rivers and streams that drain to
Puget Sound that is specifically attributable to agricultural
practices is not known (Puget Sound Water Quality
Authority, 1986). However, several studies of commercial
shellfish beds have strongly implicated animal-keeping
practices on small noncommercial farms as contributing to
bacterial contamination of shellfish beds (Puget Sound
Water Quality Authority, 1986). Likewise, a statewide
nonpoint source pollution assessment by Ecology indi-
cated that agriculture, particularly animal keeping, had the
greatest adverse effect on streams (Washington State
Department of Ecology, 1989). Streams draining an
agricultural subbasin of Newaukum Creek, a tributary to
the Green River (fig 1), showed large concentrations of
bacteria, suspended solids, and nutrients, compared with
streams draining urban and forest subbasins of the
Newaukum Creek drainage (Prych and Brenner, 1983).



Large concentrations of bacteria were also cited as prob-
lems in Tenmile and Fishtrap Creeks, tributaries to the
Nooksack River (fig. 1), which drain agricultural areas
with dairy cows (Whatcom County Conservation District,
1990 and Erickson, 1995). Fecal-coliform bacteria within
tributaries to Fishtrap Creek were found to be as much as
140 times greater than the State of Washington water-
quality standard of 100 organisms per 100 milliliters
(Erickson, 1995).

Streams draining an agricultural area to Padilla Bay
(fig. 6) in Skagit County were sampled for pesticides in a
2-year study by Mayer and Elkins (1990). Principal pesti-
cides applied to farmlands in 1987 and 1988 were targeted
for analysis. Of the 14 pesticides targeted, only dicamba
and 2,4-D were found in water and sediment samples
collected in the bay and three sloughs that enter the bay.
Dicamba was found in all water samples after a major rain
storm and was found in four bed sediment samples from
sloughs. Mayer and Elkins (1990) concluded that no
ecologically significant concentrations of any of the 14
targeted pesticides were found in water or bed sediments
of the sloughs or Padilla Bay. A study by the Washington
State Department of Ecology in 1992 also showed that
pesticides that were used in a nearby agricultural area
were not found in bed sediments from a small slough
(Sullivan Slough) near the mouth of the Skagit River
drainage (fig. 1) (Davis and Johnson, 1994). However,
herbicides such as dicamba and 2,4-D have been found in
the marine waters and bed sediments of Puget Sound
(Puget Sound Water Quality Authority, 1990b).

Aquatic Biota

Many streams in the Puget Sound Basin have under-
gone significant changes in structure and function after
settlement of the region and have trended toward simplifi-
cation of stream channels and loss of habitat complexity
(Bisson and others, 1992). The degree to which fresh-
water aquatic ecosystems in the Puget Sound Basin have
been affected by these alterations is largely unquantified.
Except for salmon, the aquatic ecosystem in the basin has
been little studied. Salmon have been in general decline
for the past 100 years (Washington State Department of
Fish and Wildlife and others, 1993), and salmon may be a
general indicator of the status of the aquatic ecosystem as
a whole. However, salmon are anadromous and spend a
large part of their life cycle in the ocean, and they are
affected by influences from outside the basin. It is there-
fore difficult to clearly attribute the reasons for their
decline to specific causes from within the basin or to
directly infer the status of other species based on the status
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of salmon. Human effects on fish stocks and the diffi-
culties in attributing specific reasons for the decline are
described by Bisson and others (1992, p. 204): “Even where
it can be shown that stocks are undergoing severe declines, it is
usually impossible to determine with reasonable certainty the
relative effects of habitat degradation, fishing pressure, and biotic
interactions such as competition, predation, and disease. For
most populations, declines have resulted from a combination of
several factors, the relative importance of which may change
from year to year.”

Although definitive cause and effect relations are
difficult to discern, the Washington State Department of
Fish and Wildlife and others (1993) identified the relative
importance of factors affecting salmon stocks (fig. 17).
The factors most commonly cited as potential causes of
salmon stock declines related to cither degraded habitat
(channel erosion and sedimentation, lack of woody debris,
low pool abundance, loss of wetlands, and loss of riparian
vegetation) or barriers to fish passage (dams and other
barriers, agricultural dikes, and low summer flows).
Water-quality effects on declining salmon stocks were
noted much less frequently. :

Water-quality influences on the freshwater aquatic
ecosystem in the Puget Sound Basin have been little
studied. The EPA’s National Sediment Inventory data
base, which contains a compilation of sediment and tissue
data collected by various local, State, and Federal agencies
from across the country (U.S. Environmental Protection
Agency, 1994), includes only nine freshwater sites in the
Puget Sound Basin where fish tissues were sampled for
both trace elements and synthetic organic compounds and
one site that was sampled for synthetic organic compounds
alone. Ecology also sampled pesticides in fish tissue at
one site in the Puget Sound Basin (Davis and Johnson,
1994). These analyses indicate that both trace elements
and synthetic organic compounds were detected in fish
tissue in the Puget Sound Basin. Concentrations of
cadmium, copper, and lead in all fish-tissue samples
exceeded nationwide mean concentrations (Schmitt and
Brumbaugh, 1990) and concentrations of mercury, zinc,
arsenic, and chromium in a few individual samples
exceeded nationwide mean concentrations. Concentra-
tions of synthetic organic compounds in fish tissue were
below national averages and fish and wildlife protection
guidelines for all sites except the Duwamish Waterway,
which had elevated concentrations of alpha-BHC,
aroclor-1254, total PCB, p-p’DDD, p-p’DDT, and total
DDT; the Snohomish River, which had elevated levels of
aroclor-1248; and Mercer Slough, which had elevated
levels of p-p’DDD, aroclor-1260, and nonachior. The
concentrations of these metals and synthetic organic



compounds in these fish tissue samples were all below
levels attributed to lethal effects (Mayer and Ellersieck,
1986). However, the measured concentrations may not be
below levels that may cause sublethal effects, which are
less well understood.

Sublethal levels of many chemicals may not result in
the direct death of an organism, but may produce immuno-
logic, reproductive, or behavioral changes that indirectly
result in reduced populations. Such behavioral changes
include abnormal migration or movement, feeding
behavior modifications, reduction in learning abilities,
alterations in predator-prey interactions, and changes in
social interactions (Rand and Petrocelli, 1985). Species of
salmon and trout will alter their spawning and migration
behavior in the presence of metals that are as low as one
percent of their lethal concentrations (Sprague, 1964, and
Saunders and Sprague, 1967). Trace elements and
synthetic organic compounds at low concentrations are
also suspected to cause disruption of the endocrine
systems in aquatic organisms. Eighteen of 45 trace
elements and synthetic organic compounds that are
suspected to be endocrine disrupters (Colborn and others,
1993) were found in Puget Sound Basin fish tissue
samples.

Ground Water

Known and suspected occurrences of ground-water
contamination from sources at the land surface are numer-
ous. The sources of ground-water contamination differ
widely and include solid-waste landfills, spilled chemicals
and petroleum fuels, wastes from mining and milling
operations, waste-treatment lagoons, feedlots, large
wood-waste disposal sites, and fertilizer and pesticide
applications (Foxworthy, 1979; and U.S. Environmental
Protection Agency, 1987). To mitigate sources of contam-
ination of ground waters, Washington State agencies have
worked since 1987 to develop ground-water-quality
standards, regulate underground storage tanks, revise well
construction standards, and develop solid and hazardous
waste-management programs (Stratton, 1992). In 1992,
an additional plan was developed to manage agricuitural
pesticides and fertilizers to protect ground water. Related
issues cited by Stratton (1992) that pose some threats to
ground-water quality include the uses of pesticides and
fertilizers in urban and suburban areas, roadside right of
ways, and small noncommercial farms. Disposal of unus-
able pesticides is considered a problem on farms (Meinz,
1987). An assessment of ground-water quality by Ecology
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concludes that most contamination of ground water in
Washington State involves nonpoint sources (Washington
State Department of Ecology, 1989).

The most comprehensive summary of ground-water-
quality contamination statewide and in the Puget Sound
Basin to date was compiled by Washington Toxics
Coalition and Washington State University Cooperative
Extension (Stewart and others, 1994). In this study,
water-quality data from approximately 4,500 wells, sites,
or well-dependent water systems in the Puget Sound
region were compiled between 1985 and 1993. The most
frequently detected groups of constituents in the region in
decreasing order of frequency were nitrates, petroleum
products, other synthetic organic compounds, trace
elements, and pesticides (Stewart and others, 1994).

Nitrate is both the most prevalent and most fre-
quently documented ground-water contaminant in the
region (Stewart and others, 1994). Although some nitrate
can be naturaily present in ground water, national
background concentrations are generally less than 3 mg/L
(Madison and Brunett, 1985). Concentrations of nitrate
exceeded 3 mg/L in about 7 percent of the water samples
from nearly 2,000 public water-supply wells sampled in
the Puget Sound Basin by the Washington State Depart-
ment of Health (DOH). Using the last analysis available
for each individual well (as opposed to well systems), less
than one percent of the sampled waters exceeded the EPA
maximum contaminant level (MCL) of 10 mg/L.. Recently
compiled information indicates that the largest concentra-
tions of nitrates in the Puget Sound Basin are associated
with shallow wells in unconfined coarse-grained glacial
aquifers (Tesoriero and Voss, in press) where nitrate from
chemical fertilizer and manure and other sources might
easily reach the water table. Large concentrations of
nitrates were observed in the Puget Sound Basin and in
other regions of Washington State in the ground water of
urban areas with highly permeable soils that allow
septic-tank effluent to rapidly infiltrate to the ground-water
system (Lum and Turney, 1982). In another statewide
compilation, areas of large nitrate concentrations (exceed-
ing 5 mg/L) are shown to exist in ground water underlying
urban-suburban land cover, particularly in parts of
Thurston, Pierce, King, and Snohomish Counties (Stewart
and others, 1994).

Nitrate concentrations commonly exceed the
10 mg/L MCL, in aquifers underlying agricultural areas of
Whatcom County in the northern part of the Puget Sound
Basin (fig. 1) (Stewart and others, 1994). Ecology



sampled water from 27 shallow wells in a 6.5 mi? area of
Whatcom County in 1988 (Erickson and Norton, 1990).
The average nitrate concentration in water samples from
these 27 wells was 6.7 mg/L as nitrogen, and the average
nitrate concentration from a set of resampled water from
11 wells was 11.0 mg/L (Erickson and Norton, 1990). Of
the samples from the shallow 27 wells, 9 exceeded the
MCL of 10 mg/L for nitrate. A broad sampling of water
from wells in a 625-mi? agricultural arca of Whatcom
County by the USGS from 1990 to 1992 found about 15
percent of the well water samples had nitrate concentra-
tions above the MCL (S.E. Cox, U.S. Geological Survey,
written commun., August 1995). The largest concentra-
tions of nitrate occurred in a shallow aquifer composed of
mostly coarse-grained glacial sediments. Locally, large
concentrations of nitrate have been found north of the
United States-Canada border in the same aquifer under-
lying the agricultural area of Whatcom County (Liebscher
and others, 1992). In the Puget Sound Basin, ground
water that exceeds the nitrate MCL is found mainly in
Whatcom County and at scattered locations in Island,
Thurston, King, and Snohomish Counties (fig. 1), accord-
ing to the data compiled by Stewart and others (1994).

A comprehensive sampling of drinking water
supplies by DOH indicates the occurrence and distribution
of volatile organic compounds (VOCs) in ground water.
Through the early 1990's, several hundred welis or well
systems used for drinking water have been tested state-
wide for VOCs following the establishment of MCLs for
18 VOCs in 1992 (Stewart and others, 1994). Stewart and
others (1994) define petroleum products and other syn-
thetic organic compounds within the class of compounds
analytically defined as VOCs. Volatile organic
compounds associated with petroleum products include
benzene, toluene, xylene, and ethyl benzene. Volatile
organic compounds that are called “other synthetic organic
compounds” by Stewart and others (1994) include many
VOCs commonly used as solvents, industrial degreasers,
petrochemical by-products, and chemicals for industrial
manufacturing. The most frequent detections of VOCs
associated with petroleum products and synthetic organic
compounds were in ground water in eastern Snohomish,
King, and Pierce Counties, generally from Tacoma to
Everett (fig. 1), the most urbanized part of the Puget
Sound Basin (Stewart and others, 1994).

In the Puget Sound Basin, volatile organic
compounds were detected in about 3.4 percent of wells
sampled from 1988 to 1994 by DOH. The well-water
systems sampled by DOH for VOCs tend to be deeper
wells used for the public drinking water supply. Of the
well water with detectable concentrations of volatile
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organic compounds, most had 1 to 2 detectable concentra-
tions of VOCs per sample from a total of more than 50
VOCs analyzed. Trihalomethanes, which can result from
chlorination of water in the presence of certain organic
chemicals, were not included in the data analysis. The
most commonly detected VOC in the basin was tetra-
chloroethylene, which is primarily used as a solvent in dry
cleaning, and to a lesser extent as a degreasing solvent in
metal industries (U.S. Environmental Protection Agency,
1980). Data compiled nationwide by Plumb and Pitchford
(1985) indicate that tetrachloroethylene ranks first in
frequency of occurrence in ground water at hazardous
waste disposal sites.

Unlined sanitary landfills and leaking underground
storage tanks (Sumioka, 1995) can cause volatile organic
compounds and other petroleum-related compounds to
spread as an underground plume that may contaminate
soils and reach the water table. On a regional scale, such
as the size of the Puget Sound Basin, these facilities func-
tion as point sources of contamination. Seventy percent of
all underground storage tanks are located at commercial
facilities (Washington State Department of Ecology,
1994). According to Ecology, many landfilis were not
constructed under current liner design requirements, and
consequently many of the landfills are producing uncon-
trolled ieachate that can contaminate ground water.
Numerous site-specific studies have documented plumes
of organic and other contaminants migrating various
distances from landfill sources.

The overall degree of ambient ground-water contam-
ination by pesticides is difficult to assess from existing
data sources. The most comprehensive pesticide study in
the region involved the sampling of approximately 1,300
public water-supply wells and analyses of 27 pesticides in
the summer of 1994 by DOH. The welis sampled were
divided into random and high risk groups. The high risk
group of wells is generally defined by DOH as those wells
with a history of intensive land use in the vicinity,
water-quality problems, or relatively shallow depths
(Washington State Department of Health, 1995). Random
welis were selected by a computerized process. The
sampling was done in three rounds each with a somewhat
different objective and well selection process. Pesticides
were detected in about 4 percent of the random wells and
14 percent of the high risk wells in the Puget Sound Basin
(Ryker and Williamson, 1996), but in only one well was a
pesticide concentration (pentachlorophenol) above the
EPA MCL. The pesticides detected most commonly in the
region's ground-water-supply wells were atrazine,
simazine and dicamba. Preliminary projections by the
DOH assert that pesticide contamination of drinking water



in the region presents a low public health risk. This
projection is based on a low incidence of pesticide
detections, small concentrations of detected pesticides,
and the limited variety of pesticide compounds detected
(Washington State Department of Health, 1995).

Pesticide use in urban and suburban areas is large
and varied and is likely to increase as the population
increases in the Puget Sound Basin. There has been little
monitoring of ambient pesticide concentrations in the
shallow ground water of urban areas to determine occur-
rence and distribution of pesticides. However, in specific
areas near waste disposal sites, pesticides are frequently
detected. For example, of 239 major waste cleanup sites
statewide, pesticides have been detected in 28 percent of
the sites (Stewart and others, 1994).

Agricultural use of pesticides is probably stable or
declining in the Puget Sound Basin as urbanization
increases (Puget Sound Water Quality Authority, 1990a).
Some targeted-pesticide studies have been conducted in
agricultural areas of the basin, and pesticides have been
found in ground water. Ground water was sampled for
pesticides from 27 wells located in Whatcom County in
1988 (Erickson and Norton, 1990). Of 46 pesticides
targeted for analysis, only 5 were found at detectable
concentrations (Erickson and Norton, 1990). Two of the
five pesticides detected were dibromochloropropane
(DBCP) and ethyiene dibromide (EDB), which were
commonly used as soil fumigants prior to their suspension
by the EPA. Other pesticides found at detectable concen-
trations were carbofuran, 1,2-dichloropropane, and
prometon. Pesticides found in ground water of the
agricultural area in Whatcom County were compiled by
S.E. Cox (U.S. Geological Survey, written commun., May
1995). The compilation by Cox revealed that 16 indi-
vidual pesticide compounds were detected in well water
by different investigators between 1985 and 1993. Four of
the pesticides detected were used as soil fumigants, and 7
of the 16 pesticides had concentrations exceeding the
MCL or health advisory of the EPA. The seven pesticides
that exceeded the MCL or health advisory are (in the order
of frequency) EDB, 1,2-dichloropropane, diazinon, DBCP,
simazine, atrazine, and endosulfan. The last four
pesticides listed had only one detection each. When State
agencies and counties monitored ground water in the
1980's, they also detected EDB in ground waters of Skagit
and Thurston Counties (fig. 1) (Stewart and others,

1994). Communities located in Whatcom, Skagit,
Snohomish, and Thurston Counties requested in the early
1990's that DOH test drinking water for EDB and DBCP.
As a result, drinking water from about 160 water-supply
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wells was tested, but showed no detectable concentrations
of EDB or DBCP (Ginny Stern, Washington State
Department of Health, written commun., June 1995).

SUMMARY

Existing information indicates that the quality of
surface and ground water in the Puget Sound Basin is
generally good. The natural background qaulity of surface
and ground water is generally cool, clear, chemically
dilute, and suitable to support most beneficial uses.
However, streams fed by glacial meltwater are often turbid
and sediment laden for long periods in the mid to late
summer, and natural concentrations of iron and manganese
in ground water commonly exceed secondary drinking
water-quality standards. Natural concentrations of arsenic
in ground water also exceed the primary drinking-water
standard in a few isolated locations.

Land use in the Puget Sound Basin differs greatly
between the forested upper watersheds and the urban and
agricultural lower watersheds, and the water-quality issues
in these parts of the basin differ accordingly. The chemi-
cal quality of most streams and lakes in the upper water-
shed is suitable to support fish and aquatic life as well as
other uses. However, the hydrology, channel morphology,
water temperature, and biologic integrity of many of these
streams have been degraded to varying degrees by
logging. Many of the salmon stocks that spawn in these
upper watershed streams are in decline, and the effects of
logging on fish habitat is an issue of heightened concern
within the basin.

In the developed lowlands, most contaminant point
sources discharge directly to Puget Sound, leaving
nonpoint sources as the primary focus of concern for the
basin’s freshwater quality. In lowland streams, water-
quality standards are most frequently not met for fecal-
coliform bacteria, stream temperature, and occasionally
disolved oxygen. Water-quality standards for nutrients
and toxic contaminants such as trace elements and
synthetic organic compounds are met for most streams.
However, the loading of nutrients and toxic contaminants
are of concern to receiving waters such as Puget Sound
and the region’s many lakes. Contaminants associated
with sediment are of particular concern in that most
sediment settles permanently within Puget Sound and
associated contaminants affect the marine benthic eco-
system. Residuals of those chlorinated pesticides that
have been banned by EPA are still found in the bed
sediment of streams draining urban and agricultural lands.



Pesticides that are in current use have also been detected
in the water of many of these same streams. The concen-
tration of these pesticides in bed sediment and stream
water are generally lower than existing criteria. However,
sublethal effects of these pesticides on the aquatic
ecosystem are of growing concern.

Ground water supplies about 40 percent of the drink-
ing water in the Puget Sound Basin and is the principal
source of drinking water in most rural and some suburban
areas. The quality of ground water used for drinking water
is best documented for public water-supply wells, and this
water, with few exceptions, meets drinking-water-quality
standards. Nitrate is the most commonly detected
ground-water contaminant. About 7 percent of public
water-supply wells have elevated nitrate concentrations
(greater than 3 mg/L) and less than 1 percent exceed the
10 mg/L drinking water standard. Pesticides have been
detected in about 4 percent of the public water-supply
wells sampled, and volatile organic compounds (VOCs)
have been detected in 3.4 percent of the public water-
supply wells sampled. With the exception of penta-
chlorophenol in one well, none of these detections
exceeded drinking-water standards. Elevated nitrate
concentrations and detections of pesticides and VOCs
occurred most frequently in the shallow unconfined glacial
outwash aquifers, where they are overlain by agricultural
and urban land uses.
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